The so-called holographic principle, originally addressed to high energy physics, suggests more generally that the information contents of the system (measured by its entropy) scales as the event horizon surface. It has been formulated also a holographic super-string model for the anti de Sitter space, which allows for implementation of quantum gravity in the volume by only quantum boundary-hologram. The locally planar topology of the boundary of 3D space leads, however, to more reach possibilities of quantization of many particle systems according to representations of related braid groups (i.e., first homotopy groups of the configuration space for multiparticle systems). This level of freedom would be helpful in symmetry-term considerations of hypothetical locally 2D hologram properties corresponding to anyons. Specific properties of anyons on a sphere are compared with fractional charge of quarks. The confinement of quarks in hadrons is conjectured to be linked with the collective behavior of anyons precluding their individual separation.
I. INTRODUCTION
The holographic principle, formulated on the basis of the Bekenstein entropy bound [1] [2] [3] , strongly limits locality 2, 3 . This principle can be formulated 4 in terms of a number of independent quantum states describing the light-sheets L(B) (cf. Fig. 1 
It can be also expressed equivalently 4 , that the number of degrees of freedom (or number of bits multiplied by ln2 ) involved in description of L(B), cannot exceed A(B)/4. Even though the complete holographic theory is not constructed as of yet, this idea is considered as breakthrough on the way to quantum gravity-the holographic principle highlights the lower two-dimensional character of the information (entropy) corresponding to any real 3D system and in that sense refers to some mysterious 2D hologram collecting all information needed to describe corresponding 3D system. An interesting step toward an explicit formulation of the holographic theory was done by Maldacena 5, 6 , who proposed a holographic superstring theory formulation in the anti de
Sitter space. According to that model, the 3D quantum gravity could be implemented by 2D quantum nonrelativistic hologram on the edge of the anti de Sitter space (for the anti de Sitter space the boundary is a sphere at fixed time in semiconductor 2D electron gas 11, 12 and, more recently, in graphene [13] [14] [15] [16] .
The novelty of 2D quantum many particle physics follows from the exceptional reach topological structure of the multiparticle system on 2D plane. It can be expressed in algebraic topology-the homotopy group terms. The first homotopy group π 1 of the configuration space for the system of N identical particles (called as the braid group) describes 2 all possible topologically inequivalent trajectories for interchanges of particles and thus allows for recognition of their quantum statistics. Since the braid group is especially large (infinite) for 2D space (bigger than for any other dimensions, where the braid groups are finite groups) the new exotic types of quantum particles-anyons are allowed on the 2D plane. They are attributed to the plethora of the unitary representations of the braid group in 2D. This braid group, π 1 (Q N (R 2 )) is defined for N identical particles on the plane R 2 .
denotes the configuration space of indistinguishable N particles on the manifold M, ∆ is the set of diagonal points, i.e., points with coinciding particle positions (subtracted from the normal product, M N = M ×M ×· · ·×M, in order to assure the particle number conservation), S N is the permutation group (the quotient by S N structure assures the quantum indistinguishability of identical particles)-for further details cf. Refs 17 and 18. Though the holographic space for e.g., anti de Sitter space is the sphere at fixed time, not the plane R 2 , the quantum consequences of nontrivial topology of the 2D plane maintain also for this locally two-dimensional manifold.
II. BRAID GROUPS AND THEIR UNITARY REPRESENTATIONS FOR 2D MANIFOLDS
A. Braid groups for the plane R 2 and the sphere S 2 For 2D plane R 2 the braid group was originally described by Artin 19 . The Artin braid group, i.e., π 1 (Q N (R 2 )) is the infinite group, with generators σ i (defining exchanges of neighboring particles, ith particle with (i + 1)th one, at some enumeration of particles, arbitrary, however, due to particle indistinguishability), satisfying the conditions 17, 19 ,
For 3D sphere S 2 the first homotopy group π 1 (Q N (S 2 )) is also complicated and infinite. Similarly as for 2D plane the braid group π 1 (Q N (S 2 )) is generated by generators with properties (2) and (3) (the same as for R 2 space) but supplemented with the additional condition, corresponding to a specific global property of the sphere (e is a neutral element in the braid group). The latter property of generators results from the fact that a closed curve on the sphere can be interpreted in two different ways if refereed to the opposite sides of the sphere.
For example, when a selected particle traverses a loop around all other particles, such a loop can be contracted via the opposite side of the sphere to a zero loop (neutral element e), what is, however, impossible on R 2 -this is illustrated in Fig. 2 . (5)), they are, however, not so rich as for R 2 . Moreover, for the sphere anyons may exist only for N ≥ 3 in contrary to the plane R 2 with anyons without any restriction on N. On the sphere two particles cannot be anyons but on the plane they can be. To be anyons on the sphere 3 particles are needed at least (it is noticeable in Fig. 2 ).
Note that for N > 3, N = 3l +1, l = 1, 2, . . . , the parameter Θ = π/3 and 2π/3 define the corresponding anyon populations. They might be helpful to represent holographic quarks, as it will be described below.
Let us underline that the case S 2 is exceptional among all locally planar closed manifolds. For the 2D torus and other closed 2D manifolds (with exception of S 2 including its homotopical deformations) the corresponding braid groups have only bosonic and fermionic one-dimensional unitary representations (no anyons are admitted for them) 23 .
From point of view of the Aharonov-Bohm effect 9 , when two charged particles with a charge q and with a magnetic field flux Ψ attached to each particle interchange positions on the manifold M, the corresponding wave function acquires the phase shift Θ = qΨ. Thus the phase factor Θ enumerating the sort of anyons (it is the phase of the particular onedimensional unitary representation of the braid group generator of elementary exchange σ i , e iΘ ) can be associated alternatively either with the charge q or magnetic flux Ψ attached to the particles, provided that qΨ is conserved. In particular, for Θ = π/3 (or Θ = 2π/3) one can associate this value of Θ with the fractional flux Ψ = π/3 (2π/3) and the integer charge An additional interesting property of anyons described upon the Chern-Simons field model is that a residual statistical interaction beyond the averaged-mean-field is in part the 2D electric interaction even for free anyons 21 (this interaction does not satisfy 3D Maxwell equations, and moreover, the rest of the statistics-origin-interaction of anyons is essentially of three-particle type). The anyons manifest a Higgs-like mechanism 11 related to a specific anyonic superconductivity 9 .
The well developed mathematical formalism for consideration of anyons on the sphere S This approach has been widely used in the investigations of Hall systems 11 , but Haldane sphere geometry would even better fit to the holographic space S 2 suggested above. The holographic Maldacena model 5, 6 (despite being referred to the super-string formulation and unrealistic anti de Sitter metrics) demonstrates implementation of quantum gravity by a nonrelativistic quantum hologram. This feature would be, however, of particular interest, as the anyon theory is well formulated only in the nonrelativistic case, whereas its relativistic version encountered serious problems, and they would be conveniently avoided via nonrelativistic holographic formulation.
Summarizing, we have indicated a new topology-type opportunity connected with the holographic principle and with the 2D character of the hypothetical holographic border space and have discussed some advantages of the possible description of holographic counterparts of quarks as anyons.
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